The reduction of experimentally produced pain by psychological techniques has been investigated in our laboratory (Barber & Calverley, 1969; Barber & Cooper, 1972; Barber & Hahn, 19,62; Forgione & Barber, 1971; Johnson, 1973; Spanos, Barber, & Lang, 1969; Chaves & Barber, 1973) and also in other laboratories (Blitz & Dinnerstein, 1968 , 1971 Craig & Weiss, 1971; Evans & Paul, 1970; Hilgard, 1967; Hilgard, Cooper, Lenox, Morgan, & Voevodsky, 1967; Kanfer & Goldfoot, 1966; Morgan, Lezard, Prytulak, & Hilgard, 1970; Notermans, 1966; Zimbardo, Cohen, Weisenberg, Dworkin, & Firestone, 1966) . These studies indicated that a variety of psychological techniques, including suggestions of analgesia, distraction, and modeling (observing a model who is unresponsive to painful stimulation), are effective in attenuating pain.
The results of some of the above studies (Barber & Calverley, 1969; Barber & Hahn, 1962; Johnson, 1973; Spanos, Barber, & Lang, 1969 ) also indicated that pain can be attenuated if the subject is asked to carry out certain kinds of "cognitive strategies." The cognitive strategies that were found to be effective included (a) imagining that the stimulated area was insensitive and (b) thinking about pleasant events during the painful stimulation. In one of these studies, for instance, which utilized ice-cold water as the noxious stimulus, Barber and Hahn (1962) found that subjects who were instructed to imagine pleasant experiences showed reductions in reported pain and also in some physiological correlates of pain (respiratory irregularities and forehead muscle tension). Barber and Calverley (1969) found that the pain produced by applying a heavy weight to a finger was attenuated when the subjects imagined that the finger was numb and insensitive. Spanos, Barber, and Lang (1970) confirmed Barber and Calverley's (1969) finding that imagining the finger as numb and insensitive reduced the pain produced by pressure applied to a finger. In addition, Spanos et al. found that a strong demand for honest reports had no effect on the magnitude of the reported pain reductions. The latter finding suggests that subjects who employ cognitive strategies may actually feel less pain and are not simply reporting less pain. 356 Since cognitive strategies can be rather readily utilized, even in clinical situations, it is important to determine what kinds of strategies are most effective in reducing pain and also to develop the most effective ways of using them. The present experiment compared the effectiveness of two cognitive strategies: (a) imagining that a finger is insensitive and (b) imagining pleasant experiences. In addition, an experimenter modeling procedure was employed in which the experimenter demonstrated the use of the cognitive strategy while he himself underwent painful stimulation. Another aspect of the experiment derived from the following consideration: when a subject is instructed to use a cognitive strategy to reduce pain, he is being told at the same time to expect a reduction in pain. The present experiment was also designed to determine to what degree any observed attenuation of pain was due to the expectancy that pain would be reduced and to what degree it was due to the cognitive strategies themselves.
METHOD

Subjects
The subjects were 120 female undergraduates at Simmons College who volunteered to participate in an experiment on pain perception.
3 Each subject was paid $3 for her participation.
Pain Stimulus
Pain was produced by the Forgione-Barber pain stimulator (Forgione & Barber, 1972) which applied a 2,000-gram weight to a Plexiglas wedge which rested on the middle phalanx of the subject's index finger.
Base-Level Pretest
Subjects were tested individually in a quiet room by one experimenter (JFC). Each subject was pretested with her index finger in the Forgione-Barber pain stimulator for two minutes. 4 During this baselevel pretest, the subjects were asked to focus their attention on the sensations they felt in their finger. They were also told when one minute and two minutes had elapsed. Immediately after the stimula-8 Data for three subjects who failed to complete the experiment are not included. Three additional subjects were run to take their place.
* In random order for subjects in each experimental group, the index finger of the subject's dominant hand was used for one test (either the pretest or posttest), and the index finger of her nondominant hand was used for the other test. tion, they were asked to rate the average amount of pain they had felt during the first minute and during the second minute on the following scale:   0123456789 10  No  Slight Moderate Severe  Very  pain  pain  pain  pain  severe pain Pastiest Immediately following the pretest, each subject was individually exposed to a posttest under 1 of the 8 experimental conditions illustrated in Table 1 . Fifteen subjects were randomly assigned to each of the eight experimental groups. As Table 1 shows the posttest was designed as a 2 X 4 factorial. Half of the subjects were exposed to an experimenter modeling procedure and half were not. One fourth of the subjects were instructed to imagine pleasant events, one fourth were instructed to imagine the finger as insensitive, one fourth were told to expect that pain would be reduced, and one fourth served as uninstructed controls. The posttest procedures for each of the eight experimental groups are summarized as follows.
5
Group 1. Imagine pleasant events-modeling. Subjects assigned to Group 1 were told that they would feel much less pain and find the procedure much easier to tolerate if, during the stimulation, they would think about and vividly imagine pleasant experiences. The experimenter then modeled for the subject by inserting his own index finger in the Forgione-Barber pain stimulator and by verbalizing pleasant experiences aloud for two minutes, for example, relaxing on a beach on Cape Cod, listening to the Boston Symphony Orchestra, and dining at a well-known Boston restaurant. Immediately prior to the modeling, the subject was given a stopwatch and was asked to tell the experimenter when two minutes had elapsed. After the experimenter modeled for two minutes, he explained that he was not bothered by the pain stimulation because he had vividly imagined the pleasant experiences. The subject was then asked to place her index finger (see Footnote 4) in the Forgione-Barber pain stimulator and to carry out the same cognitive strategy but not to verbalize aloud the pleasant events she was imagining. Again, the subject was told when one and two minutes had elapsed and she was then asked to rate the pain 5 Verbatim accounts of the posttest instructions for each experimental group are available from the authors upon request. she had felt during the first and second minute, utilizing the same rating scale that had been used during the pretest. Finally, the subject was asked to rate on a 0%-100% scale the percentage of time she was actually imagining pleasant events during the first and second minutes of stimulation. Group 2: Imagine pleasant events-no modeling. The procedure for Group 2 was essentially the same as that for Group 1 except that the experimenter did not model. Before the subject was exposed to the pain stimulation, she was told by the experimenter that soon, when her finger would be in the stimulator, she should try .to think about and vividly imagine pleasant events. The experimenter also described to the subject the kinds of pleasant events he himself might try to imagine, reiterating the same events that had been described to the subjects in Group 1. While giving these instructions, for a period of about two minutes, the experimenter did not model, that is, he did not place his own finger in the pain stimulator. Following these instructions the subject's index finger was exposed to the pain stimulus for two minutes, and then she was given the same rating scales as subjects in Group 1.
Group 3: Imagine insensitivity^modeling. Each subject assigned to Group 3 was told that if she vividly imagined that her index finger was numb and insensitive, she would feel much less pain and would find the procedure much easier to tolerate. The experimenter then demonstrated how this could be done by inserting his own index finger in the Forgione-Barber pain stimulator for two minutes while being timed by the subject. During a period of two minutes, the experimenter verbalized aloud his own imaginings regarding the insensitivity and numbness of the finger. Descriptions were included of how the finger might feel if it had been injected with Novocain. Afterwards, the experimenter indicated that because he had vividly imagined the finger to be numb and insensitive, the stimulator did not bother him. The subject was then asked to do the same thing without verbalizing her imaginings. The subject was told when one and two minutes of stimulation had elapsed, and then she rated the degree of pain she had experienced during the first and second minutes and the percentage of time that she was imagining that her finger was numb and insensitive.
Group 4: Imagine insensitivity-no modeling. The procedure for Group 4 was essentially the same as that for Group 3, except that the experimenter did not model. Before the subject was exposed to the pain stimulation, she was told by the experimenter that soon, when her finger would be in the stimulator, she should try to imagine that her finger is numb and insensitive. The experimenter also described to the subject how he himself would go about imagining insensitivity and imagining that Novocain had been injected into the finger, reiterating the same imaginings that he had described to the subjects in Group 3. While giving these instructions, for a period of about two minutes, the experimenter did not model, that is, he did not place his own finger in the pain stimulator. Following these instructions the subject's index finger was exposed to the pain stimulus for two minutes, and then she was given the same rating scales that were given to the other subjects.
Group 5: Expect pain reduction-modeling. Subjects allocated to Group S were not given a cognitive strategy for reducing pain. Instead, they were told that previous research had established that fear and anxiety determined, to a large extent, how much pain was experienced. The experimenter then explained that since the subject was now familiar with the procedure, she would feel much less pain this time than during the pretest. He then went on to explain that since he himself was familiar with the stimulator, he could easily keep his finger in it for two minutes without being bothered by it. The experimenter then placed his index finger in the Forgione-Barber pain stimulator and silently modeled for two minutes while being timed by the subject. Immediately after the experimenter had demonstrated how he could experience the stimulation calmly, without showing any signs of pain, he explained again to the subject that she should also expect to find it much easier to tolerate since she too was now familiar with the stimulator. The subject was then asked to insert her index fingetr in the stimulator for two minutes and then asked to rate the degree of pain she had experienced during each minute.
Group 6: Expect pain reduction-no modeling. To equalize the time between the pretest and posttest for all groups, subjects assigned to Group 6 were given a two-minute break. The procedure for Group 6 was then the same as that for Group 5 except that the experimenter did not model, that is, he did not place his finger in the stimulator for two minutes.
Group 7: Control-modeling. The experimenter told subjects assigned to Group 7 that he would try the stimulator himself. He then placed his index finger in the stimulator for two minutes while he was timed by the subject. During this two-minute modeling period, the experimenter did not say anything and he did not show signs of pain. The subject was then asked to insert her finger for two minutes, and immediately afterwards she rated the degree of pain she had experienced during the first and the second minute.
Group S: Control-no modeling. To equalize the time between the pretest and posttest for all groups, subjects allocated to Group 8 were given a twominute break. The procedure for Group 8 was then the same as that for Group 7 except that the experimenter did not model, that is, he did not place his finger in the stimulator for two minutes.
After each experimental session, each subject was admonished not to discuss the experiment until all of the other subjects had participated. All subjects agreed to refrain from discussing the experiment.
RESULTS
The success of the random assignment of subjects to the eight experimental groups was established by performing a one-way analysis of variance on the pretest pain ratings. The results showed that subjects assigned to the eight groups did not differ in their initial response to the pain stimulus (F = 1.45, df = 7/112, p > .10). Moreover, Bartlett's test did not reveal heterogeneity of variance among the eight groups (x 2 =6.4, df = 7, p>.50).
To evaluate the effects of subjects' pretest level of pain response, the subjects within each of the eight groups were further categorized as high, medium, or low, based on the sum of their pain ratings for the first and second minute of the pretest. Within each group, five subjects were assigned to each of the three levels (the five highest assigned to the high group, the next five to the middle group, etc.), making a total of 40 subjects in each level over the eight groups."
Difference scores for the first and second minute were obtained by subtracting each subject's posttest pain ratings from her pretest ratings. The main effects and interactions of treatments, experimenter modeling, pretest pain level, and time period (first versus second minute) on the difference scores were evaluated by means of a 4X2x3X2 analysis of variance (Lindquist, 1953) . The results of this analysis are presented in Table 2 . Table 2 shows a significant main effect for treatments. Duncan's multiple-range test was used to determine which of the treatment means differed. As can be seen in the bottom row of Table 3 , the two cognitive strategiesimagining pleasant events and imagining that the finger is insensitive-significantly reduced pain as compared to the control treatment and to the expected pain reduction treatment. The two cognitive strategies did not differ significantly from each other in the degree to which they reduced pain. The final row of Table 3 also indicates that the expected pain reduction groups showed a significant attenua-6 Since subjects were assigned to levels within groups, the criteria for assigning subjects to levels varied slightly from group to group. However, a Group X Levels analysis of variance of the pretest scores disclosed no Groups X Levels interaction. Thus, although slightly different criteria were used within each group, the mean pretest pain ratings for the high, medium, and low levels did not differ across groups. tion in pain compared to the control groups. In fact, the control groups showed a small increase in pain. Table 2 also shows a significant main effect for pretest pain level. A Duncan multiplerange test localized this significant effect as follows: Subjects with high or medium pretest pain ratings showed significantly greater (p < .05) pain reductions during the posttest (^ = -.79 and -.73, respectively) than subjects with low pretest pain ratings (.£ = .26). Table 2 also shows a significant main effect for time period. This significant effect indicated that overall the subjects showed a greater reduction in pain during the second minute (Z = -.67) than during the first (^=-.27). Table 2 also shows a Treatments X Modeling X Pretest Pain Level interaction. The means that enter into this interaction are presented in Table 3 . An analysis of the simple interaction effects of the triple interac-7 Although the bottom row of Table 3 lists the mean difference scores between pretest and posttest for each treatment, it might be useful for the reader to have the baselines from which the reductions took place. The mean pretest pain ratings for the four treatment groups were as follows: imagine pleasant events, 6.45; imagine insensitivity, 6.32; expect pain reduction, 6.55; control, 6.01. tion (Keppel, 1973 ) disclosed a Treatment X Experimenter X Modeling interaction for subjects with high pretest pain levels (F = 4.22, df = 3/96, p < .01).
s A further analysis of this interaction indicated that it was due to the following: for subjects showing high pretest pain levels, modeling significantly reduced pain (F = S.22, df = 1/96, p < .05) under the imagine pleasant events treatment but led to a significant increase in pain (F -S.78, df = 1/96, p < .05) under the control treatment.
The subjects who were given cognitive strategies (Groups 1-4) were asked to estimate the proportion of time they actually used the strategies during the posttest. The proportion of time the subjects reported using the strategies was unaffected by the kind of strategy, the use of modeling, or the time period. The data for Groups 1-4 were then combined, and a Pearsonian correlation was calculated between the proportion of time the subjects described themselves as engaged in the cognitive strategies and the difference scores between the pretests and posttests on the pain scale. The resulting correlation (r --.67, p < .001) indicated that subjects who reported greater use of the strategies also reported greater reductions in pain. 8 Of course, the triple interaction can also be analyzed in two other ways. One of these alternative analyses indicates a significant interaction (F = 2.5, df -d/96, p < .05) between treatments and pretest pain level under experimenter modeling but not under no modeling. The second alternative analysis indicates a significant interaction (jP = 4.21, df = 2/96, p < .05) between pretest pain level and experimenter modeling for the imagine pleasant events treatment but not for the other treatments. Table 4 displays the percentage of subjects under each experimental treatment who reduced, showed little or no change, or increased their average pain ratings for the first and second minute from pretest to posttest. This table shows that two thirds of the control subjects increased their ratings of the pain experienced during the posttest as compared to the pretest. In contrast, from 53% to 63 % of the subjects who were given cognitive strategies for pain reduction-imagining the finger as insensitive or imagining pleasant events-reduced their rating of the pain experienced during the posttest as compared to the pretest. In addition, subjects given the cognitive strategies more frequently showed substantial pain reductions (-3 or greater) than subjects in the other groups (x 2 = 14.0, df = 3, p < .01). Apparently, the cognitive strategies were necessary to achieve substantial pain reductions since no subjects under the other treatments showed reductions this large. Subjects who expected pain reduction but were not provided with cognitive strategies showed moderate pain reductions ( -1 to -2.99) more often than control subjects (x 2 -8.3, df=l, p < .01), but they never showed the substantial reductions that were possible with the cognitive strategies. The subjects who expected pain reductions also showed increases in pain less frequently than the control subjects (x 2 = 10.7, df -1, p< .01), indicating that expected pain reduction at least prevented pain from increasing. 
DISCUSSION
In line with the results of earlier studies (Barber & Calverley, 1969; Barber & Harm, 1962; Johnson, 1973; Spanos, Barber, & Lang, 1969) , the present experiment indicates that two kinds of cognitive strategies-imagining pleasant events and imagining that the stimulated area is insensitive-reduce experimentally produced pain. These two kinds of cognitive strategies appear to be equally effective. Although the subjects in the present experiment who were asked to imagine pleasant events showed somewhat greater reductions in pain than those asked to imagine their finger as insensitive, the differences were not significant.
The present experiment also indicates that the expectation that pain will be reduced is sufficient, by itself, to produce an attenuation of pain. When subjects were led to expect a reduction in pain but were not provided with cognitive strategies (Groups S and 6), pain was also significantly reduced compared to the control treatments. This raises an important question that is based on the following considerations: (fl) When subjects are instructed to use a cognitive strategy to reduce pain, they are being told, at the same time, to expect a reduction in pain. Consequently, (b) the reductions in pain that are achieved with cognitive strategies may be due simply to the expectancy that pain will be reduced that accompanies these strategies. The present experiment, however, indicates that the cognitive strategies produce a reduction in pain which is over and above that due to expectancy per se: subjects in Groups 1-4 (provided with cognitive strategies) showed significantly less pain than subjects in Groups 5-6 (expecting less pain but not provided with cognitive strategies).
The experimenter modeling procedure was largely ineffective in reducing pain. Modeling significantly reduced pain only for subjects with high pretest pain levels who were asked to imagine pleasant events. On the other hand, the control subjects with high pretest pain levels actually snowed a significant increase in pain when the experimenter modeled. It seems likely that an older male experimenter with higher status may not be the most effective model for female undergraduates. Modeling may have exerted a more consistent effect in the present experiment if the model were a female student rather than a male experimenter. Nevertheless, the significant interaction involving experimenter modeling, treatments, and pretest pain levels, which was found in the present experiment, suggests that additional research is needed to delineate the conditions under which modeling may be effective in reducing pain. Previous findings which indicated that modeling is generally effective in reducing pain (Craig & Weiss, 1971 ) may need to be qualified.
Two additional results obtained in this experiment merit brief comment. First, overall, subjects who had high and medium pretest pain levels showed greater pain reduction during the posttest than subjects with low pretest pain levels. This finding is not surprising; subjects who show little pain on the pretest have much less room than the other subjects to reduce pain on the posttest. Second, overall, the degree of pain reduction during the posttest was greater during the second minute than the first. This outcome was also found in another study which em-ployed the Forgione-Barber pain stimulator (Barber & Cooper, 1972) . A possible explanation for this finding derives from the fact that the pain resulting from the ForgioneBarber pain stimulator increases with time (Chaves & Kames, 1973) . Thus, there is more room for pain reduction during the second minute than the first.
Implications and Suggestions for Further Research
The results of the present experiment support the notion that psychological factors play a role in the perception of pain. Moreover the present findings indicate that under some conditions, pain can be reduced by asking subjects to engage in certain cognitive strategies. It seems likely that more effective strategies could be devised. Some subjects testified that although they used the suggested cognitive strategy, they would have preferred to use their own strategy. This suggests the need for additional studies to determine how often subjects engage spontaneously in cognitive strategies to reduce pain. In addition, it would be interesting to compare the efficacy of spontaneous and suggested strategies in reducing pain. It seems likely that a strategy which.the subject has previously found useful might be more effective than an untried strategy. Future experiments might also provide the subjects with a choice of strategies for reducing pain.
Another interesting problem revolves around the question of why these cognitive strategies are helpful in reducing pain. Do these strategies simply serve as distractors or are there some specific features of the strategies that are important? The strategies employed in the present experiment required the subjects to engage in "goal-directed fantasy"; that is, the subjects were asked to imagine situations which, if real, would be incompatible with the experience of pain (Barber, Spanos, & Chaves, 1974; Spanos, 1971; Spanos & Barber, 1972) . It would be interesting to determine whether cognitive strategies which do not have this feature are equally effective in reducing pain.
The subjects' reports indicated that the degree of pain reduction was rather closely related to the proportion of time that they were using the cognitive strategies (r = -.67). It is not clear, however, that these two judgments were made independently. Subjects may have inferred that they were using the cognitive strategies most of the time if they experienced a reduction in pain. It would be interesting to employ other measures of the extent to which the subjects were involved in imagining pleasant events or imagining their fingers as insensitive. In fact, pain reduction might be more closely related to such factors as vividness of imagery rather than to the proportion of time during the pain stimulation that the subjects were using the suggested cognitive strategy.
Additional research is needed to determine how useful cognitive strategies might be in alleviating clinical pain. A number of clinical reports have appeared which indicate that procedures which lead the patient to expect that pain will be reduced are effective in attenuating clinical pain (Beecher, 19SS; Dodson & Bennett, 1954; Laszlo & Spencer, 1953; Lozanov, 1967; Sampimon & Woodruff, 1946; Tuckey, 1889 . It may be that cognitive strategies can be used to augment the effectiveness of expectancy per se in reducing clinical pain.
